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PHYSIOLOGICAL MONITOR AND ASSOCIATED COMPUTATION 

DISPLAY AND COMMUNICATION UNIT 



Field of the Invention 
The present invention relates generally to physiological monitors and, more 
specifically, to physiological monitors that connect with and/or communicate with a 
hand-held computing device such as a personal digital assistant (PDA). 



5 Background of the Invention 

Portable electronic computing devices have become increasingly common. 
These devices include personal digital assistants (PDAs) such as organizers using the 
PALM® operating system and organizers using Windows® CE based operating 
systems. These devices also include other portable electronic devices that include a 

10 computing capability such as mobile telephones, electronic books, laptop and hand- 
held computers, some types of pagers, hand-held game platforms such as the 
Nintendo® Gameboy® and other devices. 

The prevalence of PDAs, and their broad acceptance by many of types of 
users, provides an opportunity to offer accessories to PDAs which may be used by 

15 this large installed base. Also, the PDAs can act as a general purpose computing 
device. In this capacity, the PDA may be interconnected with a variety of accessories 
and provide the necessary computing, control and display functions for the accessory, 
thereby reducing the cost of the accessory as compared to a stand along device. As an 
example, digital camera modules are available which interconnect with the PDAs of 

20 several types. When the camera module is interconnected with PDA, the PDA's 
buttons and display serve to control and communicate the camera functions, thereby 
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eliminating the need for controls or a display on the camera module itself. Also, the 
PDA's internal computing capability is used, thereby avoiding the necessity of on- 
board computing capability in the camera module. Consequently, the camera module 
is both smaller and less expensive than a stand-alone camera of similar capability. 
5 Physiological monitors of various types are used in the health and medical 

fields to monitor various physiological parameters of human patients. These 
physiological monitors allow health and medical professionals, as well as individual 
users, to accurately determine the current status of particular physiological parameters 
and monitor those parameters over a period of time. This information is extremely 

10 helpful in health and fitness management and medical treatment. Traditionally, 
physiological monitors have been very expensive, and their use has therefore been 
primarily limited to medical facilities. As the cost of electronic equipment has fallen, 
lower cost physiological monitors have been used in the home. 

An example of a health related physiological monitor is the indirect 

15 calorimeter disclosed in co-pending U.S. patent application Serial No. 09/630,398 to 
Mault et al, which is incorporated herein in its entirety by reference. The indirect 
calorimeter allows a patient to determine their current metabolic rate by breathing 
through the calorimeter for a period of time. As explained in the application, this 
metabolic rate information is beneficial in weight and health management. Other 

20 types of physiological monitors include EKG monitors, electronic heart sound 
monitors, exercise monitors such as pedometers, body fat measurement devices, heart 
rate monitors, body temperature monitors, spirometers, blood pressure monitors, 
blood oxygenation monitors, and blood glucose monitors. Typically, physiological 
monitors are stand-alone devices including their own controls, displays, and, if 
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necessary, computing capability. Consequently, these physiological monitors tend to 
be expensive and potentially bulky. 

Current physiological monitors typically do not communicate with one 
another or with any type of central computing device. If a health care professional or 

5 a patient measures, or monitors over time, numerous physiological parameters, it is 
typically necessary to record the output from each individual monitor and then to 
manually transfer the data to the patient's medical record. This is laborious and 
introduces potential for error in recording and transferring the data. The process can 
be especially laborious where physiological parameters are monitored over long 

10 periods of time. For example, it is necessary for some diabetics to test their blood 
glucose level numerous times each day. Preferably, this data is recorded so that 
trends may be determined and shared with a physician or other health professional. 
However, a typical patient will get tired of constantly recording blood sugar levels 
and may therefore do a poor job. 



15 Summary of the Present Invention 

The present invention includes a variety of physiological monitor modules 
designed to interface with computing devices such as PDAs. In some embodiments, 
this combination allows the PDA to take the place of some of the costly electronic 
controls, displays, and processing circuitry normally embodied in a physiological 

20 monitor. Instead, the PDA provides these capabilities. Also, the PDA preferably 
stores testing data from one or more physiological monitor modules to allow the use 
of data in health and fitness tracking as well as in a variety of software applications. 
In another embodiment of the present invention, the physiological monitor modules 
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include storage means such as memory for storing data from one or more sensors. 
Either during or after the test, the data from the storage means is transferred to the 
PDA for processing, display, and storage. In another embodiment of the present 
invention, the PDA is of the type including an accessory slot for accepting modules 
5 such as memory modules. In this embodiment, the physiological monitor module also 
includes an accessory slot for accepting a memory module. Memory modules are 
then used to transfer data between the physiological monitor and the PDA. 

Brief Description of the Drawings 
FIGURE 1A is a perspective view of a calorimeter module according to the 
1 0 present invention docked with a PDA; 

FIGURE IB is a perspective view of a calorimeter module and PDA of Figure 
1 A with the PDA removed from the docking interface; 

FIGURE 2 is a perspective view of a second embodiment of a calorimeter 
module wherein the docking interface is interconnected with the remainder of the 
15 module by a wire; 

FIGURE 3 is a perspective view of a third embodiment of a calorimeter 
module along with a PDA wherein each utilize memory modules for transfer of data; 

FIGURE 4 is a perspective view of the back side of a PDA sold under the 
brand Handspring Visor®; 
20 FIGURE 5 is a perspective view of a PDA sold by Sony®; 

FIGURE 6 is a side elevational view of a spirometer module and a PDA; 
FIGURE 7 is a front view of a runner with a PDA strapped to his belt; 
FIGURE 8 is a perspective view of a pedometer module according to the 

A 

: 
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present invention along with a memory module; 

FIGURE 9 is a front view of a portion of a runner with another embodiment of 
a pedometer module shown attached to the runner's chest; 

FIGURE 10 is a perspective view of a pedometer module supported in a 
5 support clip; 

FIGURE 1 1 is a perspective view of a PDA docked with a EKG/heart sound 
module according to the present invention; 

FIGURE 12 is a front view of a PDA showing an example of software used 
with the EKG/heart sound module; 
10 FIGURE 13 is a perspective view of a PDA with a body fat measurement 

module interconnected therewith; 

FIGURE 14 is an end view of the body fat measurement module of Figure 13; 

FIGURE 15 is a perspective view of another embodiment of a body fat 
measurement module docked with a PDA and shown grasped between the hands of a 
1 5 user; 

FIGURE 16 is a front elevational view of the PDA and body fat measurement 
module of Figure 15; 

FIGURE 17 is a perspective view of a PDA with a pacifier-based body 
temperature module; 

20 FIGURE 18 is a perspective view of a PDA with an ear canal body 

temperature measurement module according to the present invention; 

FIGURE 19 is a perspective view of a PDA docked with a blood pressure 
measurement module according to the present invention; 

FIGURE 20 is a perspective view of a PDA with a pulse oximeter module 
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according to the present invention; 

FIGURE 21 is a perspective view of a portion of a PDA with a blood glucose 
module docked therewith; 

FIGURE 22 is a perspective view of an ultrasonic sensor module supported in 
5 an accessory clip; 

FIGURE 23 is a perspective view of an ultrasonic sensor module; 

FIGURE 24 is a cross-sectional view of a baby in a womb with a pair of 
ultrasonic sensors shown supported in support clips; 

FIGURE 25 is a perspective view, partially exploded, showing a portion of a 
10 PDA, an adapter, and a physiological monitor module; 

FIGURE 26 is a perspective view of a PDA docked with a food scale module; 

FIGURE 27 is a perspective view of the PDA and module of Figure 26 in a 
use position; 

FIGURE 28 is a perspective view of an alternative embodiment of a food scale 
15 module according to the present invention along with a PDA; and 

FIGURE 29 is a perspective view of a body weight scale module according to 
the present invention. 

Detailed Description of the Preferred Embodiments 

General 

20 This invention relates to a physiological monitor for use in measuring a health 

characteristic of a user, such as metabolism, weight, body fat percentage, heart rate, 
EKG, blood pressure, blood oxygenation, body temperature or the like, and an 
associated computing device which acts to receive, record, process, compute, display 
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and/or transmit signals from the monitor. The computing device may take any form, 
including portable computers such as personal digital assistances (PDAs) as well as 
non-portable computers. The portable computer category includes all portable 
devices with onboard computing capability, such as cellular telephones, electronic 
5 books, pagers, watches, and organizers. Also included are currently available, as well 
as yet to be developed, wearable computing devices such as may take the form of 
jewelry, buttons, and eyeglasses. The PDA need not be a unitary device, but instead 
the components could be distributed. As one example, the display could be 
incorporated in eyeglasses while the remainder is incorporated into a wristwatch. For 
10 ease of reference, the present application will refer primarily to PDAs, though all 
other computing devices may be used as well. The term "general purpose personnel 
digital assistant" will also be used herein. This refers to a PDA capable of running a 

i 

variety of software that may be loaded into memory. This category excludes 
dedicated devices and non-programmable devices, 

15 According to a first preferred embodiment of the present invention, the 

physiological monitor is a module designed to interconnect with a PDA, such as by 
docking with the PDA. The PDA is preferably of the type adapted to receive a variety 
of plug-in modules, each of which may provide the PDA with a particular application 
program. Alternatively, the application software may be stored in the memory of the 

20 PDA, or in other ways. The physiological monitor modules used with the present 
invention also incorporate connections to the sensors forming part of the 
physiological monitor, and may include electronics that act as an interface between 

■ 

the sensors of the physiological monitor and the PDA. In this embodiment, when the 
PDA and monitor module are docked, they form an integral unit. The module may 
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insert into an accessory slot in the PDA, or grip its housing, or interconnect in any 
other way. 

Preferably, when the monitor module is docked with the PDA, the PDA 
recognizes the module and loads the software either from its own memory or from the 
5 module. As known to those of skill in the art, recognition of the module by the PDA 
may take several forms. The module may have a code either temporarily or 
permanently stored in its memory. Plugging the module into the PDA causes the code 
to be transferred to the PDA where the code may be interpreted to identify the module 
and/or the user. As another alternative, the PDA may include bar code scanning 

10 capability and the module may include a bar code that may be scanned prior to 
inserting the module. When the monitor module is not in use, the PDA may be 
removed and used for alternative purposes, possibly with other modules. 

During use of the monitor module, the PDA may display instructions for use. 
If the PDA and module combination includes voice generation capability, either as 

1 5 part of the PDA itself, as part of the module itself, or as an additional accessory, voice 
commands may be generated to instruct the user on proper use of the monitor module 
and/or to provide feedback and results. If voice recording or recognition is available 
in the combination, this capability may be used to control the module and/or annotate 
results. Voice recognition and generation capability may be provided as an additional 

20 accessory for the PDA or monitor module or the monitor module may include these 
capabilities. Voice recognition modules are more completely described in co-pending 
provisional patent application Serial No. 60/212,319, which is incorporated herein in 
its entirety. 

The physiological monitor module may dispense with controls, memory, 
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processing, and/or a display, instead relying on the PDA to provide these functions. 
In this case, it may be necessary to first dock the PDA with the monitor module in 
order to use the monitor. Alternatively, the physiological monitor may be operational 
without being interconnected or in communication with a PDA. Instead, the 
5 physiological monitor measures one or more physiological parameters and stores the 
resulting data to memory. Optionally, the monitor may have onboard data processing 
and/or display. At a later time, the physiological monitor may be interconnected with, 
or otherwise placed in communication with, a PDA so that data may be transferred 
from the monitor to the PDA. The PDA may enable additional functionality or 
10 provide processing and display of physiological data. With any of the above 
embodiments, wired or wireless communication may substitute for the physical 
docking of the PDA with the monitor module. Wireless communication may take any 
form including radio frequency communication such as the Bluetooth® protocol, 
infrared communication, and others. 
15 As another alternative, data may be transferred between a physiological 

monitor and a PDA using memory modules. In this embodiment, the PDA and 
monitor both include accessory slots into which a memory module may be inserted. 
During or after use of the monitor, the memory module is inserted into the accessory 
slot and data is stored to the module. The module may then be inserted into the 
20 accessory slot of the PDA for download of data, processing, and display. The 
memory module may serve other purposes such as including onboard processing, 
application software, or calibration or software updates. The module may also 
include data about a particular patient or group of patients. The PDA and/or monitor 
may recognize the module using stored codes, bar code scanning, or other approaches. 
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Alternatively, either the monitor or the PDA may receive a module in addition to 
docking with or communicating with each other. 

In one preferred embodiment of the present invention, a physiological monitor 
module takes the form factor typical of a memory module, such that the monitor 
5 module may be inserted into an accessory slot in a PDA or other computing device, 
either directly or via an adapter. In this embodiment, the monitor module may be 
worn or placed on a user's body as necessary to measure a particular physiological 
parameter. Accessory clips may be used to interconnect the monitor module with the 
person's body or clothing. After measurements are taken, the monitor module is 
10 removed from the person or from the accessory clip and inserted into the PDA for 
download and processing of data. Alternatively, the monitor module may include it's 
own small display and/or controls. As a further alternative, the monitor module may 

< 

include on-board wireless communication capability so that the module may 
continuously or intermittently communicate with a PDA or other computing device. 

15 The monitor module may be formed as one or more computer chips with the 
necessary sensors, memory, and communication hardware forming part of the chip. 
For example, a single chip may include all of the necessary hardware to function as a 
monitor module, and be shaped so as to fit into an accessory slot in a PDA, either 
directly or via an adapter. Wireless communication circuitry may be formed right on 

20 the chip, along with memory, and/or sensing hardware. 

As will be clear to those of skill in the art, almost any type of physiological 
monitor may be incorporated into the present invention. Examples of physiological 
monitors, which will be described in more detail below, include a calorimeter module 
for measuring metabolic rate, a spirometer module for measure breath flow and 
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volume, a pedometer module for measuring motion, a heart rate, an EKG/heart sound 
module, or a pulse oximeter for measuring cardiac-related parameters, a body fat 
module, a blood pressure module, a body temperature module, a blood glucose 
module, an ultrasonic sensor for measuring respiration, pregnancy-related factors, 
5 bone density, or posture, a food or body weight module, and others. Each of the 
above described embodiments and alternatives, as well as others that will be 
described, apply to each of the physiological monitors described hereinbelow. 

Preferably, the various embodiments of the present invention are used as part 
of a weight or health management system, aspects of which are described in co- 

10 pending provisional patent application Serial Nos. 60/158,553; 60/167,276; 
60/177,016; 60/194,126; 60/209,921; 60/201,902; 60/207,089; and 60/207,051. As 
part of the system, caloric intake, resting metabolism, and activity-based metabolic 
expenditures are tracked. For example, a PDA, which is normally carried by a user, 
includes software for logging calorie consumption and activities. The physiological 

15 monitors according to the various embodiments of the present invention preferably 
integrate with such a health management system. For example, data from a 
calorimeter module may be used to determine baseline caloric expenditure. This is a 
very important factor in dietary management. The PDA may periodically prompt the 
user to measure their resting metabolic rate using the calorimeter module. The data 

20 from the measurement is then automatically entered into the health management 
program. The software may also allow the user to postpone the measurement until a 
more appropriate time. 

Preferably, the PDA includes software which prompts or reminds a user to 
make use of the various physiological monitor modules as part of an overall health 
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management system. For example, the PDA may prompt a user, on a weekly basis, to 
use a body weight scale module or to transfer data already stored in the scale. 
Alternative, the PDA may periodically wirelessly query various physiological 
monitors within its wireless transmission range in order to transfer data and to 
5 determine when each module was last used. 

The health management software may include the ability to set up a variety of 
fitness plans and to track adherence to the plans. For example, a particular user may 
specify that they will walk or run a certain number of times and for a certain distance 
each week. The software may then prompt the user to remind them that, according to 

10 the schedule, they should run or walk a certain distance on a particular day. The 
person uses a pedometer module, either on its own or mated with a PDA, to measure 
their performance during a run or walk. This data is transferred into the PDA and 
used by the software to determine how the person's performance compares to their 
goals. As part of the health or fitness management program, it may be preferable to 

1 5 track other factors such as blood pressure, heart rate, or blood glucose. The PDA may 
also prompt the user to measure these parameters at appropriate times. The user may 
then insert the appropriate module into the PDA, perform the appropriate test, and 
have the data automatically transferred into the program. 

As a further aspect of the health management software, it is preferred that the 

20 PDA communicates with remote computing devices and/or health professionals. For 
example, the PDA may include wireless communication capability such that it may 
wirelessly communicate, via the Internet or other means, with a remote server. The 
remote server may store and analyze the data received from the PDA and provide 
feedback based on the information. The information from the PDA may also be 
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reviewed by a health professional or health management advisor so that feedback may 
be given. The feedback may be communicated back to the PDA or communicated to 
the user in other ways. The health management software may reside in the PDA's 
memory, in a plug-in module, or in a memory of a monitor module. 

5 Calorimeter Module 

Referring to Figures 1A and IB, a calorimeter module that interconnects with 
a PDA 10 is generally shown at 12. The calorimeter module 12 is constructed in 
accordance with the disclosure of co-pending U.S. patent application Serial No. 
09/630,398 to Mault et al. (incorporated herein in its entirety by reference), and may 

10 be best understood by reference thereto. In one embodiment, the calorimeter module 
12 includes a body 14 with a respiratory connector 16 extending from the side. The 
body 14 contains an internal flow path, a bi-directional flow meter, and one or more 
gas concentration sensors. In use, a patient breathes through the respiratory connector 
16 for a, period of time and the calorimeter module 12 measures parameters such as 

15 inhalation volume, exhalation volume and the concentration of oxygen in the 
exhalation. These measurements may be used to determine metabolic rate. Unlike 
the calorimeter described in the co-pending application, the calorimeter module 12 for 
use with the present invention preferably does not include its own controls, display, or 
onboard CPU. Instead, the module 12 includes a docking interface 18 for 

20 interconnection with the PDA 10. In the embodiment illustrated in Figure 1, the 
docking interface 18 is a C-shaped opening that grips the upper and lower ends of the 
PDA 10. In the illustrated embodiment, the PDA 10 is one of the PalmPilot® family 
of PDAs, which include electrical contacts on the lower back edge of the outer case. 
As best shown in Figure IB, the docking interface 18 has corresponding electrical 
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contacts 19 that mate with the electrical contacts on the back of the PDA when the 
PDA is docked in the docking interface 18. 

In order to use the calorimeter module 12, the user first docks the PDA 10 into 
the docking interface 18. The buttons 20 on the PDA are then used to control the 
5 operation of the calorimeter module 12. The display 22 of the PDA is used to 
communicate information from the module 12 to the user. The internal CPU in the 
PDA 10 is used to provide ail or part of the computational analysis necessary for the 
calorimeter module. The PDA's display 22 may present instructions on how to 
perform the test as well as presenting test results, or any error messages. If the PDA 

10 includes voice recognition, voice generation, or recording capabilities, these may be 
used as well. Following the test, the user may remove the PDA 10 from the docking 
interface 18 so that the PDA may be used with other physiological monitors or as a 
PDA. The information received by the PDA during the calorimeter test is stored in 
the PDA. At a later time, the user may dock the PDA with another computer for 

15 downloading the information to the computer or for interconnection with remote 
commuters, such as via the Internet. The PDA may also directly communicate with 
remote computers, such as by using a wired or wireless modem. The calorimeter 
module may include memory that stores application software for the PDA or the 
application software may be resident in the PDA. Preferably, when the PDA is 

20 docked in the docking interface, the PDA recognizes the module, as previously 
described, and loads the application software, either from the module or from the 
PDA's memory. The software, if stored in the module, may be permanently stored or 
may be updatable in various ways. The module may include capabilities such as 
voice recognition, voice generation, or recording, as necessary, to supplement the 
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capabilities of the PDA. 

* 

As an alternative, the calorimeter module 12 may include its own internal 
processor and/or control buttons and a display, along with the docking interface 18. 
With this embodiment, the user may utilize the calorimeter module 12 without a PDA 
5 10 docked in the docking interface 18. Then, at a later time, the PDA may be docked 
with the calorimeter for transfer of data. Docking of the PDA 10 with the docking 
interface 18 may also enable additional functionality, such as graphical display of 
information. 

As a further alternative, the calorimeter module may include onboard memory, 
10 but lack the processing circuitry of a complete calorimeter. During use, data from the 
various sensors is stored to the memory, preferably along with time data. After use, 
the data is transferred to a PDA for processing. This eliminates some parts in the 
module, reducing its cost, complexity, bulk, and weight. Power consumption and heat 
generation by the internal circuitry of the calorimeter module may also be reduced. 
15 The reduction in heat generation may provide benefits with respect to sensor 
accuracy. 

While it is preferred that the calorimeter module that forms part of the present 
invention be constructed in accordance with the co-pending Mault et al. application, 
other calorimeter designs may be used. In each case, the calorimeter functions as a 
20 module that interconnects or otherwise communicates with a PDA, either during or 
after use. 

Referring now to Figure 2, an alternative embodiment of a calorimeter module 
30 for use with a PDA 10 is shown. This embodiment differs from the previous 
embodiment in that the docking interface 32 is interconnected with the body 36 of the 
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calorimeter module 30 by a wire 34. This allows the PDA 10 in the docking interface 
32 to be held in the hand of the user so that it may be viewed during use, or it may be 
held by another person monitoring the test. Alternatively, the wire 34 may be 
eliminated by providing wireless communication ability between the calorimeter 
5 module 30 and the docking interface 32. Any type of wireless communication may be 
used. As with the previous embodiment of the calorimeter module, the module 30 
may be operational without a PDA, may store data to memory for later processing, or 
may include controls and/or a display. Alternatively, the calorimeter module may 
interconnect or communication with a desktop or other computer for use in settings 

1 0 where the larger computer is not a hinderance. 

Referring now to Figure 3, an additional embodiment of a calorimeter system 
is generally shown at 40. The calorimeter system includes a calorimeter 42, a PDA 
44, and a memory module 46 used to transfer data between the calorimeter 42 and the 
PDA 44. As shown, both the calorimeter 42 and the PDA 44 include accessory slots, 

15 48 and 50, respectively, designed to receive the memory module 46. Some currently 
available PDAs include accessory slots of various types and it is understood that this 
feature will become more common in the future. The illustrated position, size, and 
shape of the accessory slots 48 and 50 are for illustration purposes only and it should 
be understood that other designs may be substituted. 

20 The slots 48 and 50 acts a female connectors and the memory module 46 acts 

as a male connector. As will be clear to those of skill in the art, there are a variety of 
memory modules which may be used with this application. Some are typically known 
as flash memory cards and include CompactFlash, SmartMedia, MultiMediaCard, and 
MemoryStick . These memory modules may be non-volatile memory or battery- 
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supported volatile memory and include electrical contacts designed to mate with or 
abut electrical contacts in the slots 48 and 50. Alternatively, inductive or other 
wireless interconnects between the memory module 46 and the PDA 44 or calorimeter 
42 may be provided. Other memory module types include magnetic memory, optical 
5 memory, and solid state memory. The memory module 46 may also include 
additional capabilities such as on-board processing or storage, or calibration or other 
data. For example, the module 46 may include application software for the PDA 
and/or the calorimeter, or may include software updates for either of the devices. 
Also, the module 46 may provide the PDA and/or calorimeter with speech 
10 recognition, voice generation, recording, wireless or wired communication, or other 
capabilities. 

As an alternative, a calorimeter or calorimeter module may be provided with 
both a PDA docking interface and with an accessory slot so the PDA may be docked 
with the calorimeter module and a memory module may be inserted into the accessory 

15 slot. This would allow application software, calibration updates or other information 
to be stored on the memory module. As a further alternative, the calorimeter or 
calorimeter module may be configured to use with a mechanical ventilator or 
anesthesia equipment, such as by being placed in-line. 

Turning now to Figures 4 and 5, other types of PDAs are illustrated. Figure 4 

20 illustrates a PDA 52 sold under the name Handspring Visor®. The Handspring 
Visor® includes an accessory slot 54 referred to as the Springboard®. This accessory 
slot serves two purposes. First, it allows for interconnection with accessories such as 
memory modules and digital camera modules. Secondly, the slot serves as a 
mounting means for physical interconnection with the accessory. In Figure 4, a 
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module 56 is shown being inserted into the Springboard® accessory slot. The module 
56 is approximately the same size as the slot so that when it is fully inserted it is flush 
with the outer case of the PDA. Other larger accessories include a tab that engages 
with the accessory slot while the overall accessory extends beyond the PDA. As will 
5 be clear to those of skill in the art, the docking interface on the calorimeter module in 
Figures 1A and IB may take a different form such that it is designed to interconnect 
with an accessory slot of the type used on a Handspring Visor®. This is also true for 
the calorimeter module of Figure 2. The Springboard® also may accept memory 
modules, either directly or using an adaptor, so as to function as shown in Figure 3. 

10 Referring now to Figure 5, yet another PDA 58 is shown which includes an 

accessory slot designed to accept a memory module 59. The PDA 58 illustrated in 
Figure 5 is a Sony® PDA which includes an accessory slot designed to accept 
memory modules of the MemoryStick™ format. As shown, the MemoryStick 1 M 
inserts into a slot at the top of the PDA. Contacts on the MemoryStick™ and in the 

15 slot allow interconnection and communication between the MemoryStick rM and the 
PDA. According to the present invention, physiological monitors may also be 
interconnected with a PDA of the design shown in Figure 5 by including a docking 
interface that inserts into the accessory slot to make a physical interconnection and an 
electrical connection. Also, a wire may interconnect with any of the illustrated PDAs 

20 by engaging an accessory slot or by plugging into a communication plug on the PDA. 
Similar connections may be made with other currently available, as well as yet to be 
developed PDAs. Alternatively, a module may slide into an accessory slot in any of 
the designs of PDA and may provide the PDA with wireless communication 
capability for use with the physiological monitor or other devices. 
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As will be clear to those of skill in the art, the present invention may be 
adapted to work with practically any PDA by providing an appropriate docking 
interface and/or communication system. For example, if a cellular telephone is to 
serve as the PDA, the docking interface would take the form of a telephone docking 
5 station of some type. Other examples will be clear to those of skill in the art. 

Spirometer Module 

The calorimeter thus far discussed determines metabolic rate by measuring 
flow rates and component gas concentrations. For some applications, this much 
information is not necessary. Instead, for some applications it is desirable to 

10 determine flow rate or flow volume only. For example, patients with asthma may 
benefit from periodic lung volume and flow rate measurements. Devices designed to 
measure these factors are generally known as spirometers. The calorimeter as 
previously described includes the capability of measuring instantaneous flow rates 
through a flow tube within the calorimeter. This data may be used to determine 

15 various lung capacity and flow rate measurements. Therefore, a simplified 
calorimeter may be used as a spirometer and interconnect or communicate with a 
PDA for this purpose. As another alternative, a very simple flow tube with flow 
measurement capability may be provided as a physiological monitor module for 
interconnection with a PDA. 

20 Referring now to Figure 6, a simplified spirometer module is shown that 

includes an attachment flange 62 designed to engage an accessory slot 64 in a PDA 
66. As shown, the simplified spirometer module includes a flow tube 68 and a 
breathing mask 70. The mask serves as a respiratory connector, but other connectors 
may be used. In order to use the device, the user first inserts the attachment flange 62 
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into the accessory slot to couple the spirometer module 60 with the PDA 66. 
Preferably, coupling the two devices causes the PDA 66 to recognize the presence of 
the spirometer module 60 and to run appropriate software. The PDA may display 
instructions to the user on how to use this spirometer module. The user then follows 
5 the instructions to use the spirometer module to measure the appropriate lung 
function, such as flow rate or lung volume. 

As will be clear to those of skill in the art, the spirometer module 60 may use 
various types of flow measurement devices including ultrasound-based flow 
measurement, and pressure-drop-based measurement, small turbines, or other devices. 

10 The spirometer module preferably has the coaxial flow geometry and ultrasonic 
transducer flow sensing of the indirect calorimeter described in co-pending U.S. 
application 09/630,398 to Mault et al. According to one preferred embodiment, a 
stand-alone spirometer may include an accessory slot designed to accept memory 
modules which may then be moved to the PDA. Wireless or wired communication 

15 may also be used. Other alternatives, as described for the calorimeter, also apply to 
the spirometer. 

According to one embodiment, the flow profile of a breath (or the average of 
several breaths) is presented graphically on the display of the PDA, for example in 
terms of flow rate vs. time from breath onset. The flow profile can be used in 
20 respiratory diagnosis. The breath flow profile can be parameterized (for example in 
terms of peak flow, flow rate changes) or curve fitted, and compared to representative 
data for normal (healthy) breaths and to breath flow profiles associated with 
respiratory ailments of various degrees of severity. In particular, this configuration is 
of great use to people suffering from asthma in tracking the severity of symptoms. 
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Various respiratory parameters may also be determined, such as the forced expiratory 
volume during the first second (FEV1), forced expiratory flow during other parts of 
the breath such as FEF 25%-75%, forced vital capacity (FVC), and peak expiratory 
flow (PEF). Respiratory parameters may be tracked over time, transmitted to a 
5 physician over a communications network, transmitted to a computer expert system 
for diagnosis, stored in a database such as a patient record, correlated with other 
physiological or environmental parameters, or otherwise characterized. Breath flow 
profiles and derived respiratory parameters may be used to determine the amount of 
medication needed by the person using software loaded onto the PDA. 

10 Gas sensors in the flow path are not required for spirometry applications, and 

hence the spirometer module can be less complex than the indirect calorimeter. 
However, for some applications, it may be beneficial to provide a gas sensor in the 
flow path. One example is the detection of nitric oxide (NO), as described in co- 
pending provisional patent application Serial No. 60/159,285. Other gas sensors are 

15 described in a co-pending provisional patent application entitled "Respiratory Gas 
Sensors in the Flow Path," filed August 28, 2000 by Mault. 

Pedometer Module 

Referring now to Figure 7, a pedometer module according to the present 
invention will be discussed. A runner is shown in Figure 7 with a PDA 80 strapped to 
20 his belt. As with the earlier discussed embodiments, the PDA includes an accessory 
slot 82 on its upper side. A pedometer module 84 is docked into the PDA. In 
alternative embodiments, the module may grip the PDA's housing or the module and 
PDA may interconnect in any other way. The pedometer module 84 may work on any 
of the principals currently used for pedometers, such as a one, two, or three-axis 
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accelerometer for measuring acceleration in various directions, a pendulum for 
detecting motion, or a piezoelectric sensor for detecting motion. The pedometer 
module communicates motion or acceleration information to the PDA where it is 
processed to determine the motion being experienced by the PDA. From this 
5 information, a reasonable approximation of running distance, running speed, and 
other exercise factors may be determined. 

In its simplest version, the pedometer module 84 merely includes the 
accelerometer or motion sensor, sufficient electronics to buffer and/or condition a 
signal from the accelerometer, and electrical contacts for mating with the contacts in 

10 the accessory slot of the PDA. In a more complex embodiment, the pedometer 
module 84 may also include processing circuitry for further processing the signal 
from the accelerometer. The module may include memory, which may include 
application software for use by the PDA when the pedometer module is plugged into 
the PDA. In this embodiment, the user plugs the pedometer module 84 into the PDA 

15 80 causing the PDA to recognize the presence of the pedometer module and to load 
the appropriate software either from memory or from the module. The PDA may then 
display instructions on how to use the pedometer including which buttons operate 
which functions. The user then follows the instructions to operate the pedometer 
module and performs an exercise. During this time, the PDA stores exercise 

20 information received from the pedometer module and calculates various exercise 
parameters such as calories burned, distance covered, average speed, etc. The PDA 
may use this information for a variety of purposes, such as feedback to the user, entry 
into an exercise log, or as part of an overall health or fitness program. As another 
alternative, the PDA may have a built in capability to measure acceleration or 
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movement such that a pedometer module including an accelerometer is not necessary. 
Movement or acceleration may also be determined in other ways, such as using GPS 
signals (as described in co-pending provisional patent application Serial No. 
60/179,882), cellular phone signals, radio telemetry, and other approaches. The 
5 hardware necessary for determination of acceleration or movement may be 
incorporated into a PDA or provided as a module that docks with or communicates 
with the PDA. 

Referring to Figure 8, a second embodiment of a pedometer module according 
to the present invention is generally shown at 90. In this embodiment, the pedometer 

10 module 90 does not directly interconnect with a PDA, but instead includes an 
accessory slot 91 that accepts a memory module 92. During or after exercise, data 
from the pedometer module 90 is stored in the memory module 92, which is later 
plugged into an accessory slot in the PDA for transfer of data. As with earlier 
embodiments of the present invention, the memory module may include additional 

15 capabilities such as processing power and/or application software and updates. In the 
embodiment of Figure 8, the pedometer module includes a display 94 and controls 96 
such that it may be used as a stand-alone unit. In this case, the memory module 92 
merely serves to transfer data from the pedometer to the PDA or other computing 
device. Alternatively, the pedometer module may be a very simple device that merely 

20 records acceleration data onto the memory module for later analysis by another 
computing device such as a PDA. In this case, it is necessary for the user to first 
transfer the memory module to the PDA in order to determine their exercise 
parameters. 

Referring now to Figures 9 and 10, an additional embodiment of a pedometer 
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module according to the present invention is generally shown at 100. In this 
embodiment, the pedometer module 100 takes the form factor of a memory module 
such as those previously discussed. That is, the entire pedometer module is the size 
and shape of a memory module such that, when not in use, the pedometer module 
5 may be detached from the user's body and inserted into an accessory slot in a PDA. 
The pedometer module includes at least an accelerometer or motion sensor and 
storage means for storing data produced by the sensor. It may also include 
conditioning and processing circuitry. 

The pedometer module 100 may be attached to the user's body or clothing in 
10 any of a variety of ways. According to. one preferred embodiment, the pedometer 
module 100 may be supported in a holder clip 102 as shown in Figure 10. The holder 
clip 102 is generally C-shaped and grips the module 100. The module 100 may be 
inserted into the clip 102 and then removed after use. The clip may be reusable or 
disposable. The clip 102, as illustrated in Figure 10, includes an adhesive strip 104 on 
15 its under side for attaching the clip 102 to a surface, such as skin or clothing. As will 
be clear to those of skill in the art, support clips of other designs may be provided. 
For example, a variety of clips may be provided including other attachment means 
such as hook and loop fasteners, a spring clip, or a pin. Other clips may include 
attachment straps for wrapping around an arm, leg, chest, or waist, or may include a 
20 slot or clip for interconnecting with another strap. A suction cup-type device may 
also be used for an application where the clip is to be attached to a smooth surface. 
As a further alternative, the pedometer module may be attached to, inserted into, or 
incorporated into other equipment. For example, the module may be inserted into or 
attached to the runner's shoes, such as by placing it in a slot in the shoe sole. A 
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pedometer module may be incorporated into a music device, a piece of clothing, 
eyeglasses, or any other piece of equipment. As yet another alternative, adhesive 
strips may be provided for directly attaching the module to a surface, without the need 
for the clip 102. The strips may adhesively attach to the module 100 on one side and 
5 have adhesive, hook and loop fastening, a pin, or other attachment means on its other 
side. 

After attaching the pedometer module to their body, clothing or equipment, 
the user then performs their exercise routine. Upon completion of the exercise 
routine, the module 100 is inserted into an accessory slot in the PDA. The PDA 

10 processes the data from the module and displays exercise parameters. The data may 
be used to determine a variety of parameters such as distance run, speed, and calories 
consumed. Some or all of these determinations may require calibration for optimal 
results. For example, the pedometer may be calibrated for calorie expenditure using a 
calorimeter or calorimeter module as described in co-pending provisional patent 

15 application Serial Nos. 60/178,979; 60/158,554; and 60/225,101. Also, as described 
in these applications, the pedometer module may serve as a general activity monitor, 
to be worn during a variety of activities. The data may also be entered into a variety 
of exercise fitness logs. In one preferred embodiment, the module includes 
application software for the PDA such that insertion of the module provides the PDA 

20 with the necessary software for processing the data from the module. Alternatively, 
the pedometer module may include a small display and/or controls for stand alone 
use. The module may also include a time-keeping device such that the data is time- 
stamped and exercise speed, duration, and other factors may be determined. The 
pedometer module may also be attached to other devices. For example, the 
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pedometer module could be attached to the crank arm on a bicycle so that parameters 
concerning bicycle usage may be determined. 

EKG/Heart Sound Module 

Referring now to Figure 11, an attachment for a PDA 120 that contacts the 
5 chest and records an EKG signal and/or heart sounds is generally shown at 110. 
There may be a headphone jack on the PDA 120 or on the module for headphones 
worn by a physician. The PDA may be used for filtering, storing, or other 
manipulation of the heart sounds or EKG signal. 

The module 110 has a housing 112 with electrodes 1 14 and microphone 1 16 
10 preferably mounted so as to protrude from the housing. Three electrodes 114 are 
shown, but any number of electrodes greater than one may be used. Alternatively, 
one or more of the electrodes may be separable from the module and connected 
thereto using wires. For example, the module may not include any electrodes on its 
housing, but instead have several electrodes wired to it so that the electrodes may be 
15 placed on the patient while the physician holds the PDA. As another example, one 
electrode may be on the housing so that it contacts the user's hand and one or more 
additional electrodes may be placed on the chest. 

The module 1 10 forms an electrical and mechanical interface with the PDA 
120 using an electrical connector adapted to match an electrical connection 122 of the 
20 PDA 120. Different electrical connectors and docking interfaces may be provided for 
different PDA designs, as previously discussed. 

The microphone 1 16, which may be supported on the housing or in wired or 
wireless communication therewith, receives cardiovascular sounds from the person, 
such as the sounds of heartbeats, the sound of respiration, or a combination of sounds 
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from different sources. The housing 112 of module 110 may contain electronic 
circuitry, so as to receive, process, and store to memory EKG and microphone signals. 
For example, the electronic circuitry mounted within the housing may be used to 
process electrocardiograph data and cardiovascular sound data by converting it into a 
5 form suitable for transmission to the PDA, such as using analog to digital circuitry. 
Memory may be omitted from the module 1 10, as signals may be transmitted in real 
time to the PDA for display and/or storage on the PDA. The PDA may also perform 
the data processing. Either the PDA 120 or module 1 10 may additionally contain an 
interface for transferring data to a memory module. As with previous embodiments, 

10 communication between the PDA and module may be by wired or wireless 
transmission, or by the transfer of memory modules, or some combination of these 
means. Also, the physiological monitor module may, when coupled with the PDA, 
cause the PDA to recognize its presence and to load appropriate software, or to query 
the module to identify the module and load software. The software may be stored in 

15 the module or on the PDA. The PDA may display or produce instructions for 
performing a test. 

Figure 11 shows a PDA 120, having a display 124, presenting an 
electrocardiogram (EKG) 126 and an acoustic signal 128 from the heart. The 
invention uses the display capabilities and computing capabilities of the PDA to 
20 display and analyze cardiac signals from a person. A sound card and speaker, or other 
sound production system, either built into or an accessory for the PDA, may be used 
to play back the acoustic signal, or an acoustic interpretation of the EKG. 

The PDA may be used to process information, e.g. show frequency 
components of the heartbeat, perform analog or digital filtering, perform Fourier 
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transforms, construct autocorrelation or cross-correlation data, etc, using software run 
on the PDA. Acoustic processing may be either hardware or software based. As one 
example, low frequencies of the acoustic signal, related to valve openings, may be 

i 

filtered and displayed. High frequencies, such as related to heart murmurs, may also 

5 be extracted from the acoustic and/or electrical signals by filtering, and be displayed 
on the PDA. Monitoring may be in real time, showing heartbeats as they occur, or 
averages of several heartbeats may be displayed. The data may be recorded to 
memory and transmitted to a remote device, such as a physician's computer, 
transmitted to a database or web-site using a communications network, and/or added 

10 to medical records such as through a wireless Internet connection, or in other ways. 

The invention may be used as a digital stethoscope by a physician. The 
physician may record the heart data (EKG, phonocardiograms) to a memory module 
along with a dictated memo about the patient, and other data about the patient. The 
memory module may then be passed to a secretary for addition to a digital file, 

15 electronic record, or database of patient information. 

Module 110 may transfer data to the PDA using a wireless transmission 
method. For example, the module may be held to the chest while data is transferred to 
the PDA using wireless transmission, with no mechanical association necessary. The 
module 110 may also contain circuitry for making a wireless Internet connection for 

20 data transfer to a remote computer system. The module may have electrical 
connections so as to connect additional electrodes via wires, in order to improve the 
EKG signal obtained. Further aspects of the EKG/heart sound module embodiment of 
the present invention may be understood by reference to co-pending provisional 
patent application Serial No. 60/224,651 . 
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Body Fat Measurement Module 

Figures 13 and 14 illustrate a body fat measurement module shown generally 
at 130 that plugs into a PDA 132. This module enables body fat or body hydration 
levels to be determined using bioimpedance. Figure 13 shows the module 130 
5 plugged into the PDA 132, and Figure 14 is an end view of the module 130. 
Referring to Figure 13, the PDA includes a display 134 and data entry buttons 136. 
Module 130 has a generally rectangular housing 138 with an attachment flange 140 
extending from its upper side. The PDA has an accessory slot 142 in its bottom end. 
The module 130 mates with the PDA 132 by engaging the attachment flange 140 with 

10 the accessory slot 142, thereby providing a physical and electrical interconnection 
between the module and PDA. Four electrodes 144, 146, 148, and 150 are mounted 
on electrode supports 152 and 154 protruding from the housing 138, as best shown in 
Figure 14. The electrodes are configured so as to form a current electrode pair and 
sensor electrode pair, and are preferably gripped between the index finger and thumb 

15 of each hand. In one embodiment, the current source frequency is fixed in a range 
from 1 to 100 kilohertz and the voltage is in the range from 1 microvolt to 100 
millivolts, with 1 millivolt at 50 kilohertz being one possibility. 

A constant current source is connected between the current electrode pair, for 
example electrodes 144 and 146, and an electric impedance measurement circuit is 

20 connected between the sensor electrode pair, for example 148 and 150. Impedance 
measurement, current source, and data transmission circuitry are contained within the 
housing 138 to measure bioimpedance, and to transmit the data to the PDA. 

For optimally reproducible results, the orientation of the module relative to the 
hands should be kept the same between measurements. In another embodiment, the 
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current electrodes are the pair 144 and 150, or (equivalently) the pair 148 and 146, so 
that the current electrodes connect to a finger and thumb of opposite hands. The 
orientation of the module in the hand is probably less critical in this configuration. 
Switching circuitry contained within the housing 138 allows the dynamic 
5 interchanging of sensor and current electrodes to eliminate any effect of module 
orientation in the hand, or minor skin conductivity differences between the hands. 
For example, the current electrode pair could be switched between 144 and 146, 144 
and 150, 148 and 146, and 148 and 150 (the sensing electrode pair being formed using 
the remaining two electrodes in each configuration). 

10 Figures 15 and 16 show another embodiment of the body fat measurement 

module. Figure 15 shows the body fat measuring device, generally at 160, held 
between the palms of the hands. As shown in Figure 16, the device 160 comprises a 
PDA 162 (having a display 164 and data entry buttons 166) docked with a docking 
interface or frame 168. The frame has surface mounted electrodes 170, 172, 174, and 

15 176. Preferably the frame 168 holds circuitry for bioimpedance measurement between 
a sensor electrode pair (one on each side of the device, such as 170 and 172), and a 
constant current source connected to the current electrode pair (such as 174 and 176). 
Preferably, the device is held so that the sensor electrode pair are those nearest to each 
other through the body, i.e. the electrodes closer to the wrists when the device is held 

20 as shown in Figure 15. In another embodiment, diametrically opposite electrodes are 
used as the current electrode pair (e.g. 170 and 176) and sensor electrode pair. In 
another configuration, switching is used to permutate between electrode combinations 
to reduce or eliminate the effect of device orientation within the hands. The device 
may also be placed between the wrists, or between the legs just above the ankles. The 
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data entry capabilities, computing means, memory, and display of the PDA 162 allow 
data about the person (e.g. height, weight, gender, etc.) to be entered, body fat 
percentage computed using predictive equations, and displayed to the person. Other 
embodiments of a body fat module include wired or wireless communication with a 
5 PDA, self-contained computation, and transfer or data using a memory module. 

As a further alternative, a body fat measurement module may take the form of 
a module that mates with the back and/or sides of the PDA and includes electrodes 
positioned along the upper and lower edges of both sides such that a user may grip the 
electrodes by holding the PDA in a normal position. That is, the user would place a 
10 thumb of each hand on the upper edge of the sides of the PDA and a finger of each 
hand on a lower edge of the corresponding sides, thereby contacting four electrodes. 
Further aspects of these embodiments of the present invention may be understood by 
reference to co-pending provisional patent application Serial No. 60/219,069. 

Body fat content, fat free mass, total body water, and body cell mass may be 
15 determined from the obtained bioimpedance data (as described in U.S. Patent No. 
5,615,689 to Kotler, incorporated herein by reference). Multiple frequencies may be 
used to determine the intracellular and extracellular water content of the body. As 
described in U.S. Patent No. 4,793,362 to Tedner, frequencies of 1.5 kHz and 150 
kHz may be used to determine the fluid balance of a body. 
20 When used to determine body fat, the devices described above assume a 

certain level of hydration of lean tissue. Body fat data for dehydrated persons will be 
inaccurate, such as after consumption of alcohol or other diuretics, or after vigorous 
exercise. However, body fat proportion changes over a much longer time scale than 
tissue hydration levels, so that the devices described in the above embodiments may 
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also be used to monitor tissue hydration over a short time period (e.g. hours, days) for 
example as during an exercise program, weight control program, sporting event, as 
part of another physiological monitoring program (e.g. heart condition monitoring, 
see U.S. Patent No. 5,788,643 to Feldman), or during a medical procedure such as 
5 dialysis, see U.S. Patent No. 4,008,712 to Nyboer, or during drug administration, see 
U.S. Patent No. 4,880,014 to Zarowitz et al., or for blood pressure monitoring, see 
U.S. Patent No. 4,807,638 to Sramek. A PDA may be used as a diet log, and in 
conjunction with scales and bioimpedance analysis measurements of body hydration, 
body weight compensated for fluid loss can be calculated and used in a weight control 
10 program. The devices described above are also useful for physiological monitoring 
during exercise or sporting events, in order to determine body hydration levels and the 
levels of extracellular and intracellular water. Bioimpedance may also be used to 
determine other parameters. For example, it can be used to determine stroke volume 
of blood in the chest. 

15 Body Temperature Monitoring Module 

For many medical conditions, and for certain aspects of health management, it 
is beneficial to monitor the body temperature of a patient or individual. According to 
another embodiment of the present invention, a temperature monitoring module is 
provided which docks with or otherwise communicates with a PDA. The module, 

20 which may be of various sizes and shapes, may be worn for period of time and then 
plugged into the PDA to transfer data to the PDA. Preferably, the module monitors 
temperature over time. The PDA may then be used to plot temperature vs. time. The 
module may contact the skin, or determine temperature in other ways, such as from 
the ear. 
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In one preferred embodiment, the temperature monitor module includes 
wireless communication capability and wirelessly transmits temperature data to a 
PDA located within the wireless range. Software on the PDA monitors the 
temperature and signals a user if attention is required. For example, the temperature 
5 module may be placed on a sick child and the parent can carry the PDA around the 
house or keep it in their room. If the child's temperature rises too high, or the 
temperature curve over time indicates a problem, the parent can be signaled. The 
PDA may include software that makes recommendations as to how to treat the 
conditions. The PDA may also communicate with a remote computer or health 

10 professional to obtain appropriate feedback. This embodiment of the present 
invention may also be used with other physiological monitors, such as to monitor 
perspiration/bed-wetting, respiration, heart rate, etc. 

The PDA and/or temperature monitor module preferably includes a real time 
clock, either as part of its operating system or in the application program for the 

15 thermometer. The system records the time of measurement of the various 
thermometer readings for use in plotting a graph of the subject's temperature over a 
time period such as a day or a week. 

A variety of transducers. exist which are adapted to be attached to the body of 
the patient, usually an infant, so as to sense the body temperature, generate an 

20 electrical signal proportional to the temperature and transmit some form of wireless 
signal embodying the temperature information. This signal may be sent continuously 
or at regular intervals based upon a clock contained in the unit or measurements may 
be triggered by a remotely transmitted signal. A wireless communication module 
may be docked with the PDA to allow it to wirelessly communicate with the 



SUBSTITUTE SHEET (RULE 26) 



WO 01/28416 



E 

-34- 



PCT/US00/26362 



temperature monitor and/or remote computers. 

The temperature transducer and transmitter may be attached to a portion of the 
monitored subject's body by an adhesive such a band aid-type device. Alternatively, 
the transducer and transmitter could be incorporated in an armband, headband or the 
5 like, or in a body garment to be worn by the subject Typically these temperature 
monitors are used with infants and the temperature transducer and transmitter could 
be incorporated in a pacifier adapted to be supported in the mouth of the infant, as 
shown in Figure 17. The pacifier module is illustrated as wired to the PDA, but may 
wirelessly communicate. Figure 18 shows another embodiment in which an ear canal 
10 temperature measurement module interconnects with a PDA. Once again, the module 
may wirelessly communicate, use memory modules, store data for later analysis, etc. 
Other designs for temperature monitor modules include thermometer shaped probes 
and contact based measurement devices. 

The temperature monitor module preferably incorporates a temperature 
15 responsive circuit device such as a thermistor, or temperature responsive transistor 
which could be incorporated in an oscillator or the like to generate a temperature 
dependent electrical signal for transmission to the PDA. 

After the PDA processes the temperature signals, it may periodically transmit 
them to a remote site such as a web site on the Internet. The web site could maintain 
20 a record of the patient's temperature along with other health related data. It could be 
accessed by a health care professional or the information on the web site could be 
automatically transmitted to a terminal available to the health care professional or a 
PDA carried by the health care professional. The health care professional could 
transmit treatment recommendations back to the patient associated PDA via the 
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Internet or other public networks. 

According to an alternative embodiment, a temperature monitor module may 
be used along with a baby monitor such that temperature data is transmitted to the 
monitor along with sounds or video. Further aspects of temperature monitoring may 
5 be understood by reference to co-pending provisional patent application Serial No. 
60/177,011. 

Blood Pressure Module 

For some medical conditions, especially cardiac and pulmonary conditions, it 
is beneficial to monitor blood pressure. Blood pressure can be determined at 

10 intermittent intervals using various available technologies, such as an automatically 
inflating cuff and associated mechanisms. A ring or wristwatch-like cuff based device 
may be used as well. Also, bioimpedance modules can be used to monitor blood 
pressure, as described by Sramek in U.S. Patent No. 4,807,638. Figure 19 illustrates a 
first embodiment of a blood pressure module 180 for use with a PDA 182. The blood 

15 pressure module includes a cuff 184 to be wrapped around a patient's arm and 
associated mechanism to inflate the cuff and determine blood pressure. The blood 
pressure module 1 80 according to the present invention includes a docking interface 
186 for the PDA 182. As with the earlier described monitor modules, the PDA 182 
may provide some of the necessary controls, display, and processing, or the module 

20 180 may work without the PDA with the PDA later being docked for data transfer 
and/or processing. Wired, wireless, or memory module based transfer of data are also 
possible. 

According to another embodiment, the blood pressure module is in the form of 
a ring worn over a finger or toe. Preferably, blood pressure readings are taken 
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periodically and transferred to a PDA, In yet another embodiment, a wrist mounted 
device has a band having a section of electrometric material. The electrical 
conductivity of the band may be modulated by a pulse through the wrist. Each of the 
alternatives described with respect to earlier embodiments also apply to the blood 
5 pressure module. 

Blood Oxygenation Module 

Referring now to Figure 20, a pulse oximeter module is shown generally at 
190 clipped to a person's finger. Radiation from sources within the oximeter are 
transmitted through the finger, or reflected from finger tissue, and subsequently 

10 detected by a radiation detector. The wavelengths are chosen for strong 
oxyhemoglobin and deoxyhemoglobin absorption. Conventionally, a red light 
emitting diode (LED) and an IR LED are used as radiation sources, however other 
wavelengths such as blue (for deoxyhemoglobin absorption) may be used, and 
semiconductor lasers are also useful. Blood oxygenation, and other blood 

15 compositional information, can be determined from transmission or reflection at 
different wavelengths. As shown in Figure 20, the pulse oximeter module 190 plugs 
into the accessory slot in a PDA 192. The module 190 includes an upper member 194 
and a lower member 196 that are connected by a hinge such that a finger may be 
gripped between the members 194 and 196. An attachment flange 198 extends from 

20 the lower member 196 for physical and electrical interconnection with the PDA 192. 
Alternatively, the module may be interconnected with the PDA by a wired or wireless 
connection. Memory modules may also be used. The determined blood oxygenation 
and pulse rate may transmitted from the oximeter to the PDA for processing and use 
in software programs. 
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An oximeter in the form factor of a memory module may be placed against the 
skin. In this embodiment, the module contains radiation sources and a radiation 
detector, so as to determine the properties of radiation reflected from tissue. Pulse 
rate and blood oxygenation may be determined from fluctuations in the reflection, and 
5 the data stored to memory within the housing of the oximeter. At some convenient 
time, the oximeter may be removed from the skin and plugged into a PDA for display 
and analysis of the data. 

The PDA may be adapted so as to have an imaging capability. Reflection 
imaging of part of the skin at two or more wavelengths (e.g. red and blue) can also be 

10 used to determine blood oxygenation. The spectral properties of incident radiation 
may be determined using direct detection such as through a diffuser, or reflection 
from a standard reflector such as white paper. This method may not be accurately 
repeatable from one person to another, but as the PDA will generally be used by a 
single person, the imaging method may be calibrated for a particular body part (such 

15 as the palm or finger) for a particular person. If multiple persons are using the PDA, 
each may be provided with a log-in identification. The PDA or an accessory may 
provide the radiation for reflection oximetry of a skin part. 

The oximeter module may be used as part of a system for medical diagnosis of 
conditions such as heart disease and emphysema. The system may assist the person in 

20 requesting medical assistance, or assist a physician in treating the person. A 
physician may have their own PDA, which interacts with various modules associated 
with different patients. The modules may communicate patient identification data 
along with other data to the physician's PDA. The physician may access patient 
records through the PDA, and update them, via a communications link. 
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As a further alternative, a sensor array may be used to image the retina, and 
colorimetry of the retinal image used to determine blood oxygenation. A color 
reference channel may be provided for improved quantitative measurements. A wrist- 
mounted module may extract blood for characterization. The module may be removed 
5 and connected to the PDA, or the PDA may connect to the module and be worn. 

Heart Rate Monitor 

In addition to several of the techniques described above in relation to blood 
oxygenation, pulse rates may be determined using a number of other methods. For 
example, a sensor may have the physical form of a memory card, be mounted on the 

10 skin of the person, monitor data related to heart activity, and store the raw or 
processed data to memory. The sensor may then be removed and plugged into a PDA 
for transfer and analysis of data. A skin-mounted sensor may contain ultrasonic 
transducers sensitive to the motion of blood through tissue. A chest mounted heart 
activity monitor may have a microphone so as to record the noise of heartbeats, from 

15 which pulse rate may be determined. The skin mounted monitor may also contain a 
temperature sensor, as body temperature and pulse rate together have been shown to 
correlate with metabolic rate, and hence are useful to record within a calorie 
management system. A micromachined activity sensor may also be included within 
the heart activity monitor, such a device would then be very useful within a physical 

20 fitness program, a cardiac rehabilitation program, a calorie management system, a 
weight loss program, a cardiac problem diagnosis scheme, or other medical or 
lifestyle related activity. 

Pulse rate as well as blood oxygenation may also be determined using wrist or 
finger mounted devices, such as a ring. Modulation of reflected or transmitted 



SUBSTITUTE SHEET (RULE 26) 



WO 01/28416 PCT/US00/26362 

-39- 

radiation may be monitored using built in radiation sources and detectors. The 
expansion of a band due to the pulse may be detected using strain detecting materials, 
e.g. elastomers having changing electrical properties under strain. 

The heart rate interval (HRI) may also be determined and used to estimate 
5 stress levels of the person. Pulse rate and HRI may be correlated with metabolic rate, 
and used in a calorie management system. Data may also be used to assist decision 
making by the person, such as lifestyle, diet, or medication adjustments. The PDA 
may provide or control a biofeedback mechanism to assist in calming the person. 
HRI may be tracked during the determination of resting metabolic rate using an 
10 indirect calorimeter and used to help determine when a person is fully relaxed. 
Monitored HRI values may also be used in any algorithm used to obtain an accurate 
resting metabolic rate from respiratory or other data which changes with time as a 
person relaxes. 

Blood Glucose Module 

15 Figure 21 shows a blood glucose reader module shown generally at 200 that 

plugs into a PDA 202. The module 200 has a housing 204 that mates with the PDA 
202 by engaging an accessory slot (not shown) in the upper end of the PDA. The 
module housing 204 has a slot 210 configured so as to receive a standard blood 
glucose test strip 212. Blood glucose levels can be determined using a test strip onto 

20 which a drop of blood is placed. After drawing blood and preparing the test strip in a 
conventional way, the person places the test strip 212 into slot 210 in the module 200. 
A numerical value for blood glucose level is determined using radiation emission and 
detection circuitry within the housing 204 of the module 200, for example using 
colorimetry. This blood glucose number is then transmitted to the PDA. The number 
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can be displayed on the PDA display 214. 

Software running on the PDA may be used to display graphs of blood glucose 
versus time. In combination with diet logging software, the glycemic response of the 
person to various foods may be determined. Software may be built into the module, 
5 and be automatically loaded onto the PDA and initiated when the module is docked 
with the PDA. A glycemic model for the person may be developed, and refined with 
each blood glucose measurement, so as to allow prediction of future levels of blood 
glucose. Glyosylated hemoglobin and related compounds may also be monitored to 
determine average blood glucose levels, for comparison with values calculated using 

10 the model and for model refinement. The test strip reader module may also contain 
memory to record data, and may possess a numerical display 206 for displaying 
determined blood glucose levels, and buttons 208 to initiate operation, so that the 
module can work in a stand alone mode. The display 206 and buttons 208 may be 
omitted, as functional elements of the PDA (such as display 214 and conventional 

15 data entry buttons) may be used to operate and display results obtained from the 
module. 

A finger may also be placed on or in a module docked with the PDA. Fluid, 
such as blood or interstitial fluid, may then be extracted by any convenient method, 
such as manual lancing (before placing the finger), automatic lancing, or other 
20 mechanical methods, microcapillary insertion, other capillary methods, reverse 
iontophoresis, osmosis, or other method. The extracted fluid may then be analyzed 
for blood glucose concentration, for example by monitoring enzymatic reactions, 
spectroscopy, or fluorescence quenching. Alternatively, radiation sources such as 
semiconductor lasers may be used in the non-invasive analysis of tissue fluids for the 
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determination of blood glucose. A blood glucose monitor may also be implanted into 
the body, for example as described by Colvin et al. in international application WO 
00/13003. An implanted sensor may communicate using wireless methods to a PDA. 
The implanted sensor may also be powered by radiation (radio, 1R, other 
5 electromagnetic radiation, or ultrasound) emitted by the PDA or from other sources. 

The PDA may be used to provide decision support to the user. An entire 
diabetes management system can be provided based on the PDA. Blood glucose data, 
diet log records, and an automated insulin pump may be used. A single module may 
serve as a glucose module and include all necessary software for diabetes 
10 management, diet tracking, and health management, as well as references such as 
drug references. The PDA may interact with other commercially available diabetes 
management devices. Further aspects of these embodiments of the present invention 
may be understood by reference to co-pending provisional patent application Serial 
No. 60/219,070. 

15 Ultra-Sound Sensors 

Ultrasound-based sensors have numerous applications in health and fitness 
management. Ultrasonic sensor modules for use with the present invention may take 
several forms. Figure 22 shows a clip 220 having an adhesive layer 222 applied to 
one face of the clip 220, and a removable release layer 224. The clip is adapted to 

20 hold a physiological monitor 226 with the form factor of a memory module, such as a 
flash memory card. Prior to use, a person peels off the release layer 224, exposing the 
adhesive layer 220. The clip may then be adhered to the skin of a person using the 
adhesive layer. In a preferred embodiment, monitor 226 contains one or more 
micromachined ultrasonic transducers. 
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Figure 23 shows monitor 226 having housing 228, ultrasonic transducers 230 
and 232, and additionally a microphone 234. The microphone may be used to record 
cardio-vascular sounds, fetal noises, or other sounds. Other physiological sensors 
may be included within the housing. The monitor 226 has an electrical interface 236 
5 adapted to form a contact with a PDA or other electronic device. The monitor 226 
may be removed from clip 226 adhered on the skin, plugged into a PDA for data 
download, then returned to the clip. The reproducibility of monitor position on the 
body is improved due to the use of a clip. The clips may contain gel filled holes 
allowing better acoustic coupling to the skin. Also, the monitors may be directly 
10 adhered to the skin using an adhesive or gel layer. 

Figure 24 shows two physiological monitors 240 mounted on the abdomen 
244 of a pregnant woman, using clips 220. The distance between the two monitors 
can be monitored using the transmission and reception of ultrasonic waves by the 

* 

transducers 242, and used to monitor contractions. Data may be transmitted to a 
15 remote monitoring system such as a PDA via Bluetooth® or a wireless Internet 
connection. The ultrasonic transducers 242 are also used to form images of a baby 
246, which may then be displayed on a PDA. A number of such monitors may be 
used for 2 dimensional or 3 dimensional ultrasonic imaging of the baby. The present 
invention can also be used in conjunction with the invention described by pending 
20 provisional application 60/206,905. The ultrasonic transducers may be used to obtain 
other data such as fetal heart rate. The monitors may contain memory for storing 
data, which can be reviewed by plugging the monitor into a PDA. The monitors may 
also contain wireless communication functionality for real time display of data. 
Ultrasonic transducers may also be used in a mammography device as described in 
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co-pending provisional patent application Serial No. 60/205,709. 

As previously discussed, many of the physiological monitoring modules 
according to the present invention are in the form factor of a memory module such 
that they may be inserted into a slot in a PDA designed to accept such a memory 
5 module. Figure 25 shows a memory module-type ultrasonic transducer 250 of a 
somewhat smaller format. Where such a memory module is sized too small, or too 
large, to fit within the standard opening within a particular PDA, an adapter 252 may 
be provided which is designed to fit into an accessory slot 254 in the PDA 256. Then, 
the module 250 is slid into the adapter 252, which is in turn slid into the accessory slot 

10 254. This arrangement may be applied to any arrangement of the present invention. 

Skin-mounted monitors such as described may also communicate with sensors 
embedded in a person's body. For example, they may generate radiation for powering 
a subcutaneous sensor, and may receive and store data from such a sensor, preferably 
by wireless methods. Alternatively, an under-skin sensor may have an electrical 

15 contact with a clip bonded to the skin of a person, so that the monitor may make 
electrical contact, via the clip, to the under-skin sensor to read data, power the sensor, 
etc. The monitor may then be removed from the clip, and plugged into another 
electronic device for reviewing the data collected by the under-skin sensor. 

Skin-mounted ultrasonic transducers may be used to measure chest expansion 

20 (e.g. using ultrasonic distance sensors) to obtain an estimate of respiratory intake 
volume, determine the amount of diaphragm movement, or monitor the posture of the 
person. Monitors may be placed on the throat or a blood vessel, allowing ultrasonic 
imaging or quantification of fluid flow rates. The monitor may be used to measure or 
estimate breath volume or breathing frequency. Ultrasonic monitors, such as 
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described, may be incorporated into a watchband or ring and used to determine pulse 
rate. For example, a watchband may incorporate an ultrasonic sensor on the upper 
and lower sides of a wrist so as to pass ultrasonic pulses through the wrist, thereby 
enabling measurement of pulse rate. Reflection-based measurement, as well as 
5 acoustic-based measurement may also be used. 

Skin-mounted ultrasonic transducers may also be used to measure bone 
density. If a low bone density is detected by ultrasound measurements, feedback may 
be provided via the PDA to the person. For example, the person might be encouraged 
to consume calcium supplements. Also, bone density may be tracked over time. 

10 Monitors may also contain a physical activity sensor. This may be a motion or 

acceleration sensor, or may detect physiological changes related to physical activity 
such as pulse rate and body temperature. The monitor can record physical activity 
during the day (or over some other time period), then may be removed and plugged 
into a computer, PDA, or other electronic device (or accessory for the device), so that 

15 activity data may be downloaded into the computer, PDA, or other device. This is 
useful within the context of an exercise, activity and/or weight loss program. It is 
useful as part of a patient rehabilitation programs. The physical activity sensor may 
be combined with heart monitoring elements, such as described earlier, as part of a 

■ 

patient rehabilitation program for cardiac patients. Skin-mounted monitors may also 
20 contain a combination of electrodes and a microphone for heart monitoring, for 
example a monitor in the form of 226 shown in Figure 23, but with electrodes in 
addition to or replacing transducers 230 and 232. 

Food Scale Module 

Weight management and diet control may be assisted by the use of a food 
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scale to measure food portions, as further described in U.S. provisional application 
entitled "Personal Digital Assistant with Weight Scale Accessory," filed September 
22, 2000 to Mault. However, many persons do not wish to carry a food scale with 
them everybody and therefore avoid their use. According to a further aspect of the 
5 present invention, a food scale module is provided for use with a PDA. Referring to 
Figure 26, a first embodiment of a food scale module is generally shown at 260. The 
module 260 in this embodiment has a generally C-shaped housing that defines a 
docking interface for a PDA 262. The module 260 has internal strain gages to 
measure the force exerted on the housing of the module 260. In use, the module, with 

1 0 the PDA 262 docked therewith, is placed on a surface and an item to be weighed 264 
is placed on top of the combination so that the weight of the item presses downwardly 
on the housing of the module 260, as shown in Figure 27. As with earlier 
embodiments, the PDA preferably recognizes the module when it is docked therewith 
and loads appropriate software either from the module or from the PDA's memory. 

15 The information from the strain gages is fed to the PDA where the software uses the 
information to determine the weight of the item being weighed. 

Multiple alternative embodiments of the food scale module are available. 
Many are described in co-pending provisional patent application, filed September 22, 

* 

2000 by Mault, entitled "Personal Digital Assistant with Food Scale Accessory," 
20 which is incorporated herein in its entirety by reference. As a first alternative, the 
module may instead, or in addition, include a hook attachment location so that the 
module may be held and an item to be weighed may be hung from the hook. As a 
further alternative, the food scale module may be a stand-alone unit, possibly 
including controls and a display, which communicates with a PDA by a wired or 
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wireless transmission, or by moving memory modules between the scale and the 
PDA. The food scale module may also take the form factor of a placemat-like thin 
material, and may include a docking cradle for a PDA. The food scale may also take 

r 

the form factor of a coaster- or saucer-shaped disk that communicates with a PDA as 
5 shown in Figure 28. As a further alternative, the food scale module may include 
recording capability, either video or audio, so that the user may annotate weight scale 
module or PDA readings with information concerning what was weighed. 

Body Weight Scale Module 

Referring now to Figure 29, a body weight scale module is generally shown at 

10 270. In the illustrated embodiment, the weight scale is similar to standard bathroom 
scales but includes a docking cradle 272 for a PDA 274. In use, a person first docks 
their PDA with the weight scale and then steps onto the scale to be weighed. The 
weight scale may also include a body fat measurement capability according to the 
methods known to those of skill in the art. After use, the PDA is removed from the 

15 docking cradle and the data is stored for use in various software applications. The 
weight scale may utilize the display, control, and processing circuitry of the PDA, or 
may have some or all of these capabilities on board. According to alternative 
embodiments, the scale communicates with the PDA by wired or wireless 
transmission, or by transferring memory modules 276 therebetween. The weight 

20 scale may have both a dock for a PDA and a smart card that is removable, or wired or 
wireless communication. 

Bar Code Scanner Modules 

An accessory for the PDA may have the capability for reading bar codes. For 
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example, a module may have the functionality of a memory card and bar-code reader. 
The module can scan the bar-code, and the UPC code is recorded in memory. This 
module may also be in the form of a keyring. A miniature camera may be embedded 
in the bar code module. Image analysis software may be used to extract data from an 
5 imaged barcode. A light on the monitor may be used to indicate successful data 
extraction. Further aspects of this embodiment of the present invention may be 
understood by reference to a co-pending provisional patent application entitled 
"Device for Diet Control and Shopping List Generation," filed September 21 , 2000 by 
Mault. 

10 Other Modules 

As will be clear to those of skill in the art, other physiological monitors may 
be incorporated in the present invention. As one example, a bike computer may be 
constructed as a module for use with a PDA. A docking interface may be designed to 
mount on the handle bars of a bicycle with a PDA being docked into the docking 

15 interface. Various sensors may be provided for sensing bicycle speed and/or 
physiological parameters such as heart rate, which may be displayed on the display of 
the PDA. Alternatively, a bike computer may be sized and shaped so as to insert into 
an accessory slot of a PDA, or a bike computer may include a memory module which 
may be transferred to a PDA for transfer of data regarding bicycle-based exercise. 

20 As another alternative, a single module may have multiple functions. For 

example, a heart rate and body temperature module may be combined into a single 
unit. Also, a heart rate monitor and a pedometer may be combined, such as in a chest 
strap. 

As will be clear to those of skill in the art, any of the alternatives discussed 
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with respect to any of the embodiments of the present invention may be used with any 
other embodiments, as appropriate. Other alternatives will clear to those of skill in 
the art. As one example, the memory modules used to transfer data between monitor 
modules and PDAs may be used with multiple monitor modules and/or PDAs and 
5 store data from any and all devices, and thereby serve as a storage device for a variety 
of health data. As yet another example, the PDAs have been described as having 
buttons for controlling the PDA and/or monitor modules. However, the may user 
interact with the PDA using a stylus, voice recognition, a roller-jog selector, a track- 
ball, an interactive pad, a finger-motion sensor, or any suitable method. As another 
10 example, a PDA may be worn or carried by a user and communicate, via wires or 
wirelessly, with a variety of monitors, such as a pedometer, a heart rate monitor and a 
temperature monitor. In this way the PDA acts as a command and control center. 
We claim: 
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1. A system for monitoring a physiological condition of a subject, 
2 comprising: 

a monitor adapted to measure a physiological condition of a subject; 
4 a handheld, microprocessor-based, unit including a display, a memory, a 

microprocessor and means for operator control of the unit; 

t 

6 a two part separable electrical connector, one of the parts fixed to the monitor 

and the other part fixed to the handheld unit, the two parts being operative, when 
8 interconnected, to physically join the monitor and the handheld in a rigid manner and 
being operative to transfer electrical signals from the monitor to the handheld unit for 
10 processing by the microprocessor and display of the processed signals on the display 

of the handheld unit; and 
12 application software supported in the memory of the handheld unit operable to 

communicate with the monitor and to process electrical signals from the monitor for 
14 display. 

2. The system according to claim 1, wherein the monitor comprises a 
2 temperature monitor including an ear canal temperature scope for measuring 

temperature in an ear canal in order to determine body temperature. 

3. The system according to claim 1, wherein the monitor comprises an 
2 EKG and heart sound monitor, the monitor comprising a housing having two or more 

electrodes disposed thereon and a microphone disposed thereon. 

4. A system for monitoring a physiological condition of a subject, 
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2 comprising: 

a physiological monitor operable to measure a physiological parameter of the 
4 subject; 

a handheld, microprocessor-based unit having a display and operator controls; 
6 a female connector formed on the physiological monitor; 

a female connector formed on the handheld unit; and 
8 a memory module having a male connector, adapted to be disposed in the 

female connector of the physiological monitor in order to record data representative of 
10 the measured physiological parameter, and adapted to be then inserted in the female 
connector of the handheld unit in order to provide the recorded data signals to the 
12 handheld unit for processing and display. 

5. A pedometer module for use with a handheld computing device of the 
2 type having an accessory slot configured to receive an accessory, the accessory slot 

having an electrical connector disposed therein, said pedometer module comprising: 
4 a housing configured to engage the accessory slot in the handheld computing 

device; 

6 a motion sensor disposed in said housing; 

an electrical connector disposed on said housing and positioned so as to 
8 engage the electrical connector in the accessory slot when said housing engages the 
accessory slot; 

10 said pedometer module operable to provide motion-related data to the 

computing device so that the device may be worn by an exerciser and used as a 
12 pedometer. 
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6. A system for wirelessly monitoring a physiological parameter of a 
2 person, the system comprising: 

a wearable physiological monitoring module operable to measure a 
4 physiological parameter of a person wearing the module, the module including a 
wireless communication transmitter for transmitting data representing the measured 
6 parameter; 

a portable, microprocessor-based, unit to be carried by a person monitoring the 
8 person wearing the module, the portable unit including a display, a memory, a 
microprocessor and means for operator control of the unit, the portable unit including 
10 a wireless receiver and being operable to receive the data transmitted from the 
monitoring module, the portable unit being further operable to notify the person 
12 carrying the unit if the physiological parameter does not meet predetermined criteria. 



7. The system of claim 6, wherein the wearable physiological monitoring 
2 module is a body temperature monitoring module. 



8. The system of claim 6, wherein the wearable physiological monitoring 
2 module is a respiration monitoring module. 



9. The system of claim 6, wherein the wearable physiological monitoring 
2 module is a heart rate monitoring module. 



10. The system of claim 6, wherein the portable unit is a general purpose 
2 personal digital assistant. 
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11. A infant oral temperature monitoring system comprising: 

2 a general purpose personal digital assistant including a communication means; 

a temperature monitor including a pacifier with a temperature sensor disposed 
4 therein and communication means for transmitting temperature data to the 
communication means of the personal digital assistant. 

12. The monitoring system according to claim 11, wherein the 
2 communication means of the personal digital assistant and of the temperature monitor 

comprises a wire extending therebetween. 

13. A respiratory parameter measuring module for measuring a respiratory 
2 parameter of a subject, the module comprising: 

a respiratory connector configured to be supported in contact with the subject 
4 so as to pass respiration gases as the subject breathes; 

a flow pathway operable to receive and pass the respiration gases, the pathway 
6 having a first end in fluid communication with the respiratory connector and a second 

end in communication with a source and sink of respiratory gases; 
8 a flow meter configured to generate a signal as a function of the flow of 

respiration gases passing through the flow pathway; 
10 a docking interface for interconnecting with a personal digital assistant; and 

a means for transmitting signals to and receiving signals from the personal 
12 digital assistant. 

14. The respiratory parameter measuring module according to claim 13, 
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2 wherein the module comprises an indirect calorimeter module and the respiration 
gases are inhalation and exhalation gases, the module further comprising a component 

4 gas concentration sensor operable to generate a signal as a function of the 
instantaneous fraction of a predetermined component gas in the exhaled gases as the 

6 gases pass through the flow pathway. 

15. The respiratory parameter measuring module according to claim 13, 
2 wherein the module includes a memory for storing the signal from the flow meter 

during a test and then transferring the stored signals to the personal digital assistant 
4 after the test. 

1 6. A calorimeter comprising: 

2 a respiratory connector configured to be supported in contact with the subject 

so as to pass respiration gases as the subject breathes; 
4 a flow pathway operable to receive and pass the respiration gases, the pathway 

having a first end in fluid communication with the respiratory connector and a second 
6 end in communication with a source and sink of respiratory gases; 

a flow meter configured to generate a signal as a function of the flow of 
8 respiration gases passing through the flow pathway; and 

a component gas concentration sensor operable to generate a signal as a 
10 function of the instantaneous fraction of a predetermined component gas in the 
exhaled gases as the gases pass through said flow pathway. 

17. An EKG and chest sound monitoring system comprising: 
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2 a general purpose personal digital assistant having a display, a memory, a 

microprocessor, and means for operator control of the personal digital assistant; 
4 an EKG and chest sound monitoring module having a housing, at least two 

electrodes for placement on a patient, and a microphone for placement on the patient's 
6 chest, the module operable to sense EKG and sounds from the patient's chest; 

communication hardware for transmitting signals between the personal digital 
8 assistant and the module; 

an audio signal generator for reproducing the chest sounds and audio signals 
1 0 representative of the EKGs; 

the system operable to record EKG data and chest sound data and to process 
12 and display the data on the display of the personal digital assistant; the system further 
operable to filter the EKG and chest sound data and produce filtered audio signals. 



18. A body fat measuring module for use with a personal digital assistant 
2 having an electrical connector, the module comprising: 

a housing having four electrodes disposed thereon and an attachment member 
4 for interconnecting the module with the personal digital assistant; 

an electrical connector configured to mate with the electrical connector of the 
6 personal digital assistant. 
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